that misregulation of the nitrogen starvation response affected coculture growth and metabolism. We previously found that the E. coli NH 4 + transporter, AmtB, was required for coexistence with R. days. While average final E. coli frequencies were consistently between 0.6 -2.8 % (Fig. 5A) , the values improved coculture growth over successive transfers (Fig. 5B, C) , perhaps due to the emergence of 1 8 9 compensatory mutations, while the other two lineages showed declining growth trends ( Fig. 5D , E). Indeed, by transfers 5 and 6 there was little to no coculture growth in the slower-growing lineages ( Fig   1  9  1 4D, E). The heterogeneity in growth trends through serial transfers of cocultures with E. coli palustris NH 4 + cross-feeding levels could mitigate the poor growth of E. coli Δ NtrC in coculture by 2 0 0 making the nitrogen starvation response less important for survival. Previously, we engineered an R. decreased growth rate ( Fig. S5 ). We thus decided to use 0.1 mM IPTG to induce amtB expression in all density did not ( Fig. 6B ). The R. palustris growth was likely due to growth-independent cross-feeding of 2 6 0 fermentation products from E. coli maintenance metabolism, a phenomenon we described previously promoting metabolic heterogeneity (23). Indeed, E. coli yeaG and its associated protein of unknown to upregulate amtB is clearly important. In this study, we found that reciprocal nutrient cross-feeding between E. coli and R. palustris resulted in and proteomic analyses, we determined that E. coli alters its physiology to adopt a nitrogen-starved state 2 7 6 1 2 in response to low NH 4 + cross-feeding levels from R. palustris. We subsequently determined that this 2 7 7 nitrogen-starved state is important for coexistence as genetic elimination of the master transcriptional 2 7 8 regulator, NtrC, resulted in variable population outcomes. Mutualistic nutrient cross-feeding has also been 2 7 9
shown to change the lifestyle of interacting partners in other systems. In natural communities, nutrient 2 8 0 cross-feeding can alter gene-expression patterns to adapt each species to a syntrophic lifestyle (24-27). In metallireducens thermodynamically possible (7).
8 8
Similar to our mutualistic system, the mutualism between D. vulgaris and M. maripaludis 1 3 network was specifically activated by coculturing with R. palustris and was important for coculture Many microbial communities are composed of primarily slow-growing or even non-growing 3 0 9
subpopulations (36-38). However, lack of microbial growth in these communities does not imply
cessation of cross-feeding, as bacteria often carry out growth-independent maintenance processes at slow rates (39), and such activities can be coupled to cross-feeding (11). Our findings suggest that nutrient starvation and perhaps other stress responses can help stabilize microbial cross-feeding interactions,
especially at low nutrient cross-feeding levels. The extent to which specific starvation or stress responses stress responses, can play in establishing and maintaining mutualistic cross-feeding relationships. Strains and growth conditions. Strains, plasmids, and primers are listed in described to the opposing genome. As all potential crossmapping was confined to residual rRNA reads, mapping the sequenced reads to both reference genomes with no further correction. protease inhibitors cocktail IV) and sonicated at 20% intensity (7 seconds on, 7 seconds off) for 5 min in an ice bath. Then 1/10 volume of 20% SDS was added. Samples were vortexed, boiled for 5 min, and peptides with a parent ion fraction greater than or equal to 0.5 were used for subsequent analysis (6063 of 4 0 9 9987 peptides). Intensities were calculated as the sum of peptide intensities. Ratios between conditions
were computed at the peptide level, and the protein ratio was computed as the mean of peptide ratios. All maintain the plasmid, respectively. 88:1386-1394. Rev. 51:365-379. Microbiol. Rev. 6:19-43. Proteins shown in table were directly or indirectly mentioned in the text. For a full list of differentially-expressed proteins, see Supplementary
Data.
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a Genes were also identified as differentially expressed transcripts in coculture ( Table 1 ) used for carbon and electrons, and light is used for energy. 
